Introduction

37
Thermal tolerance plays a significant role throughout an organism's life history. In marine 38 invertebrates, temperatures outside a species tolerance range cause negative physiological Stickle 1989) and only rarely have the effects of temperature on development been described 72 in a species with direct development (Fernandez et al., 2006) . Such species have limited 73 dispersal abilities, and typically migrate or radiate at a slower rate (Jabonski, 1986; Thatje, 74 2012), suggesting that species following a direct mode in development may be more 'at risk' 75 from temperature change than those with planktonic development.
76
Species undergoing non-planktonic development often develop within egg capsules which 77 protect against factors such as physical stress, predation, infection and salinity changes 78 (Pechenik, 1983 (Pechenik, , 1999 Rawlings, 1995 Rawlings, , 1999 Strathmann, 1985; Thorson, 1950) . Within Thorson, 1950) , but additional nutrition may also occasionally be 82 gained from intracapsular fluid (Bayne, 1968; Moran, 1999; Pechenik et al., 1984; 83 Stöckmann-Bosbach, 1988) or capsule walls (Ojeda and Chaparro, 2004) .
84
The common whelk Buccinum undatum is a shallow-water gastropod, which exhibits direct 85 encapsulated development using nurse eggs for nutrition. It is common in the North Atlantic 86 and Arctic oceans, provides locally valuable fisheries across these areas (Hancock, 1967; 87 Morel and Bossy, 2004 ) and has been suggested as a candidate species for aquaculture 88 (Nasution and Roberts, 2004) . Its reproductive cycle (Hancock, 1967; Kideys et al., 1993;  89 5 Martel et al., 1986a Martel et al., , 1986b Valentinsson, 2002) and intracapsular development (Portmann, 90 1925; Nasution, 2003 ; for discussion see Smith and Thatje, 2012a ) are well documented with 91 egg laying and development taking between 2.5 and 9 months across its distribution range 92 (Kideys et al., 1993; Martel et al., 1986a development, a minimum of 10 capsules from each egg mass were opened and the number of The number and weight of early veligers were examined across developmental temperatures 228 ranging from 0 to 18˚C (Fig. 2a, 2b) . Weight of hatching juveniles was examined across 229 developmental temperatures ranging 2 to 18˚C (Fig. 2c) 
Bioenergetic changes through early development
244
Elemental analysis was carried out on early veligers developed at temperatures ranging 0 to 245 18˚C and juveniles developed at temperatures ranging 2 to 18˚C (Fig 3) . At 2˚C, due to the southern population developed at 6 and 10˚C. This indicates such weights to be optimal for 375 development and again highlights local adaptations, which may have occurred (Fig 2a-b) . 
Intracapsular nurse egg partitioning
377
During early development, embryos of the common whelk consume nurse eggs at a rapid 378 rate, storing them in the mid-gut for later use (Portmann, 1925; Smith and Thatje, 2012a Gosselin, 2007; Przeslawski, 2004 Przeslawski, , 2011 Rivest, 1983; Spight, 1976; Thorson, 1950 were found between early veligers and juveniles (p < 0.05). Error bars display standard error.
601
Bracketed numbers on plot (a) display n values and are identical for all 3 plots. 
